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SUMMARY 

This report  presents  information on t h e  axial- load f a t igue  behavior 
of unnotched specimens of each of three sheet  materials: 
75S-T6 aluminum a l l o y s  and normalized SAE 4130 steel. 

24S-T3 and 

The experimental inves t iga t ion  of t hese  ma te r i a l s  included the  
following i t e m s :  

1. Determination of f a t igue  s t rengths ,  i n  tes ts  a t  a speed of about 
1100 cycles  per  minute, covering a range of mean loads from zero t o  a 
high t e n s i l e  value and, f o r  each loading condition, l i f e t imes  from 
10,000 t o  10,000,000 cycles  

2. Determination of f a t i g u e  s t rengths  i n  tests a t  a slower speed 
of about 90 cycles  per  minute 

3. Several  measurements of damage o r  s t rengthening a t  one stress 
l e v e l  due t o  previous loading a t  another stress l eve l ;  these t e s t s  
included interchanging the  order of appl ica t ion  of high s t r e s s  l e v e l  and 
low s t r e s s  l e v e l  

I n  severa l  respects ,  fa t igue  t e s t  data a r e  extended beyond thos,e 
previously ava i lab le .  However, r e s u l t s  a r e  i n  general  agreement with 
such previously reported data a s  a r e  ava i l ab le  f o r  comparison, The main 
observation unpredictable from previous work i s  that fa t igue  s t rengths  
a t  90 cycles  per minute appear, i n  some ranges of loading, appreciably 
lower (up t o  10 percent)  than corresponding s t rengths  a t  1100 cycles  per  
minute. 
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INTRODUCTION 

A w a r t i m e  survey ( re ference  1) showed a lack  of complete information 
on t h e  f a t igue  proper t ies  of sheet ma te r i a l s  used i n  airframe construc- 
t i o n .  Although a g rea t  dea l  of information w a s  ava i l ab le ,  it appeared 
t h a t  no mater ia l  had been inves t iga ted  f u l l y  and t h a t  no s t r i c t l y  com- 
para t ive  t e s t s  of l a rge  ex ten t  had been made on d i f f e r e n t  mater ia l s  under 
ca re fu l ly  cont ro l led  conditions. Therefore, it w a s  planned t o  inves t i -  
ga te  r a t h e r  f u l l y  t h e  f a t i g u e  behavior of each of t h ree  metals commonly 
used i n  airframe construction: 
SAE 4130 s t e e l .  Each metal has been t e s t e d  i n  one th ickness  (0.090 in.  
for t h e  aluminum a l l o y s  and 0.075 in. f o r  t h e  s t e e l ) ,  and a l l  t e s t s  have 
been conducted under a x i a l  loading (o f  obvious importance i n  s t ressed-  
sk in  construction).  

2bS-T3 and 75S-T6 aluminum a l l o y s  and 

The r e s u l t s ,  of i n t e r e s t  i n  themselves, a l s o  f u r n i s h  bas ic  informa- 
t i o n  f o r  f u r t h e r  s tud ie s  of t h e  same materials. I n  view of t h i s  possi-  
b i l i t y ,  care has been taken t o  evaluate t h e  experimental e r r o r s  involved 
and t o  estimate, i n so fa r  as i s  poss ib le ,  t h e  r e s i d u a l  " sca t t e r "  of t e s t  
po in ts .  

This i nves t iga t ion  w a s  conducted a t  t h e  B a t t e l l e  Memorial I n s t i t u t e  
under the  sponsorship and with t h e  f i n a n c i a l  a s s i s t ance  of t he  National 
Advisory Committee f o r  Aeronautics. 

Acknowledgment i s  due t o  M r .  David 0. Leeser, who, while on t h e  
staff of B a t t e l l e  Memorial I n s t i t u t e ,  cont r ibu ted  a major p a r t  of t h e  
experimental work described i n  t h i s  repor t .  The au thors  would a l s o  l i k e  
t o  express apprec ia t ion  t o  M r .  Paul Kuhn, of t h e  S t ruc tu res  Research 
Division o f  t he  Langley Aeronautical Laboratory of t h e  NACA a t  Langley 
F ie ld ,  Virginia, f o r  many he lp fu l  d i scuss ions  during t h e  course of t he  
inves t iga t ion .  

SHEET MATERIAL AND TEST SPECDENS 

Coupons cut from 135 shee ts  (0.090 i n .  t h i c k )  of each aluminum a l l o y  
and from 270 sheets (0.075 in. t h i c k )  of t h e  s t e e l  were furnished by the  
NACA. Each sheet was l a i d  out t o  provide fou r  s t a t i c  t ens ion  blanks with 
t h e  g ra in  ( r o l l i n g  d i r e c t i o n )  and fou r  s t a t i c  t ens ion  blanks across  the  
gra in ,  four s t a t i c  compression blanks wi th  t h e  g ra in  and fou r  s t a t i c  com- 
press ion  blanks across  t h e  grain,  four  fatigue t e s t  blanks with t h e  grain,  
and a number of blanks f o r  poss ib le  f u t u r e  use. A s  shown i n  f igu res  1 
and 2 ,  t h e  layouts  were such t h a t  a sample w a s  taken from each sec t ion  of 
each sheet f o r  t h e  var ious  t e s t s .  

Test  pieces were machined a t  B a t t e l l e  from these  coupons. . 
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S t a t i c  T e s t  Specimens 

S t a t i c  tens ion  t e s t  coupons were machined t o  conform with the  
A.S.T.M. standard f o r  sheet metals ( reference 2 ) .  The s t a t i c  compression 
tes t  coupons were machined and ground 0.625 inch i n  width by 2.625 inches 
i n  length with ends p a r a l l e l  t o  each other  and normal t o  t h e  longi tudina l  
or v e r t i c a l  a x i s  of the  specimen. 

Fatigue T e s t  Specimens 

For f a t i g u e  tes t  specimens, blanks of each mater ia l  were cu t  approxi- 
mately 3 by 18 inches with t h e  g ra in  running t h e  long dimension of t he  
blank. These were protected on each face with a zinc chromate primer. 
With t h i s  coat ing s t i l l  on, each blank was machined t o  t h e  shape shown 
i n  f i g u r e  3. Previous experience had shown t h i s  t o  be a des i rab le  speci-  
men f o r  sheet f a t igue  tes ts  (reference 3 ) .  

A reduction from a width of 1.000 t o  0.800 inch i n  some of t he  s t e e l  
specimens was necess i ta ted  by the  load capac i t i e s  of t he  ava i l ab le  f a t i g u e  
t e s t i n g  machines. Cross checks indicated that t h i s  decrease i n  width d i d  
not s i g n i f i c a n t l y  a f f e c t  tes t  r e su l t s .  

Specimens were pol ished e l e c t r o l y t i c a l l y  (a f te r  preliminary t e s t s  
t o  j u s t i f y  t h i s  procedure f o r  t h e  mater ia ls  concerned; see appendix A ) .  

TEST EQUIPMENT AND PROCEDURE 

S t a t i c  Tests 

Tension t e s t s  were made i n  a Baldwin-Southwark universa l  t e s t i n g  
machine with a Templin type recorder. Compression t e s t s  were made i n  
t h e  same machine with a Montgomery-Templin ro l l e r - type  compression j i g .  
Tes t s  conducted a t  the Langley Aeronautical Laboratory showed t h a t  com- 
press ion  s t r e s s - s t r a i n  curves obtained with the  ro l le r - type  support were 
more accurate  than curves obtained with o ther  types of support ava i l ab le  
( re ference  4 ) .  

Loading r a t e  f o r  t h e  s t a t i c  t e s t s  was 0.03 inch per  minute. 

Fatigue Tests  

A l l  f a t igue  tes t s  were run on Krouse d i r e c t  repea ted-s t ress  t e s t i n g  
machines ( reference 3) , one of which i s  shown i n  f i g u r e  4. 
have a nominal capaci ty  of 10,000 pounds tens ion  t o  10,000 pounds com- 
pression.  

These machines 

When t h e  machines were operated a t  t h e  normal speed of about 

I 
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1100 cycles per minute, t h e  determination of f a t igue  s t rengths  covered 
a range of mean loads from zero t o  a high t e n s i l e  value and, f o r  each 
loading condition, l i f e t imes  from 10,000 t o  10,000,000 cycles.  A b e l t  
d r ive  was arranged f o r  t h e  low-speed t e s t s  t o  give a speed of about 
90 cycles per  minute. The machines a r e  of constant-def lect ion type; 
however, each i s  equipped with a s ens i t i ve  means of de tec t ion  of load 
decrease, so  that t e s t s  can be general ly  considered as run a t  near ly  
constant load. Before t h i s  inves t iga t ion  was undertaken, t he  machines 
were r eca l ib ra t ed  both s t a t i c a l l y  and dynamically. The estimated pre- 
c i s ion  of s e t t i n g  and maintaining loads w a s  about $3 percent f o r  tension-  
tens ion  t e s t s  and about k5 percent f o r  tension-compression t e s t s .  

Tension-tension tes ts  were run with the  se l f - a l in ing  type of g r ips  
used i n  previous inves t iga t ions  conducted a t  B a t t e l l e  ( re ference  3 ) .  
Measurements with bonded wire s t r a i n  gages have shown t h a t ,  with ca re fu l  
loading, t h e  tension-tension g r ips  have uniformity of s t r e s s e s  across  
the  1-inch gage length of a sheet specimen t o  about k500 ps i .  
ment of the g r ips  i n  t h e  t e s t i n g  machine keeps bending s t r e s s e s  below 
about 500 ps i .  

The a l i n e -  

Tension-compression tes ts  probably have somewhat less precis ion.  
Construction d e t a i l s  of t h e  tension-compression g r ips  and guide p l a t e s  
are shown i n  f igu res  5 and 6. 
National Bureau of Standards ( re ference  5 ) .  There a r e  two d i f f i c u l t i e s :  

This general  method was developed a t  t he  

(1) If the  guide p l a t e s  a r e  too t i g h t  and specimens are not p e r f e c t l y  
f l a t ,  an appreciable,  unmeasured f r a c t i o n  of t h e  appl ied  load goes i n t o  
f r i c t i o n  

( 2 )  If t h e  guide p l a t e s  a r e  too  loose,  t h e  specimen buckles on t h e  
compression p a r t  of  t he  cycle and bending stresses may become l a rge  

Experiments with bonded wire s t r a i n  gages w e r e  performed t o  determine 
optimum conditions f o r  using the  guide p l a t e s .  These experiments are 
described i n  appendix B; it appeared t h a t  e r r o r s  d id  not exceed about 
500 p s i  o r  5 percent of maximum s t r e s s .  

Surface F in i sh  

Surface f i n i s h  i s  known t o  be of major importance i n  determining 
f a t igue  strength.  It appeared des i r ab le  t o  use a method of surface 
f in i sh ing  which would: 

(1) Leave no t ransverse scratches 

( 2 )  S l igh t ly  and reproducibly round edges t o  prevent development 
of "feather"  edges 
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( 3 )  Introduce negl ig ib le  res idua l  s t r e s s e s  (under 500 p s i ,  i f  
possible  ) 

( 4 )  Not cold-work the  surface layers  

( 5 )  Be reasonably economical for  use on the  l a rge  number of speci-  
mens an t i c ipa t ed  

(6 )  S a t i s f a c t o r i l y  po l i sh  the  roots  of deep, narrow notches i n  
an t i c ipa t ion  of fu ture  t e s t s  t o  be run on notched specimens 

Several  methods of mechanical polishj.ng w e r e  t r i e d .  
was a l s o  inves t iga ted  r a t h e r  thoroughly and w a s  f i n a l l y  chosen as most 
near ly  f u l f i l l i n g  t h e  requirements l i s t e d  above. 

Electropol ishing 

While a considerable amount of work was done i n  se l ec t ing  the  sur- 
f ace  f i n i s h ,  t he  r e s u l t s  may be summarized b r i e f ly .  Electropol ishing 
gave as  high (or higher) f a t igue  s t rengths  on aluminum-alloy specimens 
as mechanical pol ishing,  gave as l i t t l e  s c a t t e r  i n  f a t igue  t e s t s ,  
presumably introduced negl ig ib le  res idua l  s t r e s s e s ,  d id  not cold-work 
t h e  surface,  and was r e l a t i v e l y  simple and economical. Appendix A gives 
d e t a i l s  of tests which w e r e  made t o  j u s t i f y  these  conclusions. 

Af t e r  polishing, f a t i g u e  t e s t  specimens were coated with Vinylseal 
fc r  pro tec t ion  aga ins t  corrosion and aga ins t  surface damage due t o  
handling. This coat ing w a s  removed, with acetone, only immediately 
before  t e s t i n g  a given specimen. 

Test ing Procedure 

Basic fa t igue-strength values  were obtained by t e s t i n g  specimens of 
each type of sheet a t  constant-load r a t i o s  varying from R = 0.70 t o  
R = -1.00 ( R  Min. stress/Max. s t r e s s ) .  The range covered, a s  far as 
f e a s i b l e ,  t he  values of f a t igue  s t rength for each material. 

Fatigue Damage Tes ts  

Fatigue damage tests were made for each mater ia l  a t  a constant mean 
s t r e s s  of one-fourth t h e  u l t imate  t e n s i l e  s t rength  of that material. 
While t h i s  procedure has not been generally followed previously ( r e f e r -  
ences 6 t o  g ) ,  it seems usefu l  f o r  ca lcu la t ions  with respec t  t o  gust 
loading ( re ferences  10 and 11). 
(one-fourth the  ul t imate  t e n s i l e  s t r e s s ) ,  while chosen a r b i t r a r i l y ,  i s  
one t h a t  might be used i n  airframe design. 

The p a r t i c u l a r  value of t h e  mean stress 
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Tests were taken f o r  each mater ia l  a t  two l e v e l s  of maximum stress. 
These l eve l s  were chosen with the  following considerat ions:  

(1) The low l e v e l  w a s  above t h e  r e l a t i v e l y  f l a t  p a r t  of' t he  S-N 
curve so t h a t  s c a t t e r  i n  l i f e t i m e  w a s  not t o o  la rge  

( 2 )  The high l e v e l  w a s  below the y i e l d  stress (wi th  some quest ion 
i n  t h e  case of 24S-T3) 

( 3 )  The d i f fe rence  between stress l e v e l s  w a s  as  grea t  as  poss ib le  
i n  view of the  above considerat ions 

A t e s t  was made i n  the  following manner: One specimen w a s  run a t  
t h e  higher stress f o r  a predetermined f r a c t i o n  ( say ,  one-half) of i t s  
average expected lifetime; it w a s  then run t o  f a i l u r e  a t  t h e  lower 
stress. A second specimen w a s  run i n  the  reverse  order  (lower s t ress  
f o r  one-half of i t s  expected l i f e ,  then higher stress t o  f a i l u r e ) .  Each 
tes t  w a s  repeated on o ther  specimens so as t o  obta in  average r e s u l t s .  
The tes ts  w e r e  then repeated with severa l  d i f f e r e n t  f r a c t i o n a l  l i fe t imes 
a t  t he  f irst  s t r e s s  leve l .  

A major purpose of these  tes ts  was t o  f i n d  out t he  e f f e c t  of' order  
of occurrence of high and low stresses. 

EXPERIMENTAL FC3SULTS 

S t a t i c  Strength Tests 

Table 1 gives t h e  r e s u l t s  of t h e  s t a t i c  tens ion  t e s t s  and the  s t a t i c  
compression t e s t s  on the  th ree  materials. The r e s u l t s  of these  s t a t i c  
t es t s  indicated t h a t  t h e  sheet  materials were up t o  standard i n  mechanical 
propert ies .  The va r i a t ions  observed, from one sheet  t o  another o r  from 
one specimen i n  a given sheet  t o  another  i n  t h e  same sheet ,  were small 
i n  view of t he  prec is ion  poss ib le  i n  t h e  f a t igue  tes ts .  

Fatigue Strength Tests  

Results of t h e  f a t igue  tes ts  f o r  t h e  2 k T 3 ,  75S-T6, and SAE 4130 
sheet  specimens are given i n  t a b l e s  2, 3, and 4, respec t ive ly .  (Some 
t y p i c a l  specimen f a i l u r e s  are shown i n  f i g .  7.)  These r e s u l t s  a r e  shown 
p l o t t e d  in  t h e  form of S-N curves i n  f i g u r e s  8, 9, and 10. 
of s c a t t e r  f o r  t he  test  data i s  i l l u s t r a t e d  i n  f i g u r e  11, which indi-  
c a t e s  t h a t  t h e  s c a t t e r  f o r  t h e  s t e e l  w a s  r e l a t i v e l y  s l i g h t .  
t he  S-N curves were ex t rapola ted  conservat ively i n t o  t h e  1000- t o  
10,000-cycle range. 

The degree 

Some of  

Par t  of t h e  d i f f i c u l t y  i n  obtaining accura te  values  

c 
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' .  i n  t h i s  range, p a r t i c u l a r l y  a t  high load r a t i o s ,  w a s  a t t r i b u t e d  t o  t h e  
d i f f i c u l t y  i n  maintaining loads w e l l  above t h e  y i e l d  poin t  and t o  t h e  
increase i n  s t r eng th  due t o  t h e  work-hardening e f f e c t .  Some of t he  
S-N curves represent  intermediate t e s t - r a t i o  p l o t s  ou t l i ned  with a f e w  
c r i t i c a l  po in ts  and f i t t e d  i n t o  the  general  p a t t e r n  of the  more com- 
p l e t e l y  determined curves. 

Calculations ind ica ted  t h a t ,  f o r  a region f1/2 inch from t h e  l i n e  
of minimum c ross  sec t ion  i n  each specimen, any v a r i a t i o n  i n  stress due 
t o  specimen shape w a s  w e l l  wi thin t h e  loading p rec i s ion  ( re ference  3 ) .  
The f e w  specimens i n  which f a i l u r e s  occurred beyond t h i s  region were not 
used i n  p l o t t i n g  t h e  S-N curves. 

When t h e  f a t igue  behavior of each material had been e s t ab l i shed  f o r  
s t r e s ses  up t o  t h e  t e n s i l e  y i e l d  point ,  some explorat ions a t  s t i l l  higher  
s t r e s s e s  were pursued. It w a s  an t i c ipa t ed  t h a t  a specimen so  loaded i n  
t h e  Krouse t e s t i n g  machines would elongate  s u f f i c i e n t l y  t o  cause d i f f i -  
c u l t y  i n  maintaining t h e  mean load. 
for SAE 4130 but w a s  not s i g n i f i c a n t l y  l a rge  f o r  75S-T6. 
(no t  designated i n  t h e  t a b l e s )  of 24S-T3 were run with spec ia l  precaut ions 
t o  apply and maintain t h e  mean (and a l s o  maximum) stresses while t he  

1 machine was running a t  speed. 

This  e f f e c t  appeared f o r  24S-T3 and 
A f e w  specimens 

While a grea t  dea l  of e f f o r t  would be required t o  inves t iga t e  
thoroughly the f a t i g u e  behavior of n o t c h e d  specimens under stresses 
exceeding the  t e n s i l e  y ie ld ,  t h i s  survey ind ica ted  some general  t rends .  
However, r e s u l t s  of such t e s t s  should not be used i n  design. 

Fatigue Damage Tes ts  

Tables 5 through 10 give d e t a i l s  of t h e  damage tests,  and f igu res  12, 
13, and 14 show base- l ine curves used t o  e s t a b l i s h  mean f a t i g u e  l i fe t imes  
a t  high and low stress leve ls .  
aga ins t  "damage r a t i o "  a r e  shown i n  f i g u r e s  15, 16, and 17. 
t i t i e s  may be defined as fo l lows:  

Average va lues  of "cycle r a t i o "  p l o t t e d  
The quan- 

number of cycles  run a t  f irst  'stress nl 

N 1  number of cycles  i n  mean l i fe t ime t o  fa i lure  a t  f i r s t  stress l e v e l  

number of cycles  run a t  second stress 

number of cycles  i n  mean l i f e t i m e  t o  f a i l u r e  a t  t h i s  sccond stress 

n2 

N2 

lLoads were maintained while cont inua l ly  watching an osci l loscope 
pa t t e rn ;  the  prec is ion  of maintaicing loads  was about 25 percent.  
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Then 

Cycle r a t i o  E - Frac t iona l  l i f e t ime  a t  f i r s t  l e v e l  
N1 

n2 Frac t iona l  lifetime l o s t  a t  second l e v e l  N 2  - and 
Damage r a t i o  E 

N2 

It should be emphasized t h a t  points  p l o t t e d  i n  these  f igu res  a r e  
average values f o r  three t o  seven specimens each; however, s c a t t e r  i n  
data l i m i t s  t h e  s ign i f icance  t o  be attached t o  each point .  This i s  
discussed i n  the  following sect ion.  

Resul ts  a t  Low Speed (about 90 cpm) 

Tables 11, 12, and 13 show t h e  r e s u l t s  of f a t i g u e  t e s t s  on unnotched 
specimens a t  a machine speed of about 90 cycles  per  minute compared with 
r e s u l t s  a t  a speed of about 1100 cycles  per  minute. Figures 18; 19, and 
20 show these  low-speed r e s u l t s  i n  S-N diagrams i n  comparison with results 
obtained a t  1100 t o  1200 cyc les  per minute. It appears t h a t :  

(1) I n  the  tension-tension range, there  w a s  no s ign i f i can t  speed 
e f f e c t  

( 2 )  In  tension-compression tests, specimens run a t  low speed had 
general ly  sho r t e r  lifetimes than  specimens run a t  higher  speeds 

( 3 )  The difference i n  l i f e t imes  appears greater f o r  the  more d u c t i l e  
metals (24S-T3 and SAE 4130), grea ter  a t  high maximum s t r e s ses ,  and 
g rea t e r  a t  low values  of R. 

These r e s u l t s  may have been af fec ted  by the  guide p la tes ;  t h i s  
p o s s i b i l i t y  i s  discussed i n  a following sect ion.  

DISCUSSION OF RESULTS 

Fatigue Strengths of Mater ia ls  

The S-N curves of f igu res  8, 9, and 10 are f a i r e d  curves through 
poin ts  p l o t t e d  from observed data. I n  t h e  ensuing discussion, values 
read from these  curves a r e  taken a s  fa t igue s'trengths of t he  mater ia ls .  
Such va lues  should not be used i n  design without allowance f o r  s c a t t e r  
i n  f a t i g u e  s t rengths  of mater ia ls .  Considerable s c a t t e r  has been noted 
i n  some f a t i g u e  t e s t s  of s t e e l s  ( reference 12)  and i n  f a t i g u e  t e s t s  of 
aluminum a l loys  ( re ferences  1 3  and 14) .  
scat te ' r  i s  possible  for the  l imi ted  data i n  t h i s  repor t ,  and the  r e s u l t s  
can be discussed only with t h i s  l imi t a t ion  i n  mind. 

NO adequate evaluat ion of 

r 
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Within the  l i m i t s  of possible  sca t t e r ,  t h e  f a t i g u e  s t rengths  indi-  
cated i n  f i g u r e s  8, 9, and 10 a r e  i n  agreement with such o ther  reported 
values  as a re  ava i l ab le  f o r  comparison ( re ferences  1 4  and 15) .  

Figures 21, 22, and 23 show diagrams of stress amplitude aga ins t  
mean s t r e s s .  
representa t ion  of f a t igue  proper t ies  of materials and as diagrams con- 
venient  f o r  use i n  design. Attention should be given t o  t h e  following 
notes i n  connection with t h e  pa r t i cu la r  representa t ions  i n  f igu res  21 

Such diagrams have been suggested as means of concise 

t o  23: 

(1) "Points" are not observed values, but are values  read from 
f a i r e d  curves i n  f i g u r e s  8, 9, and 10 

( 2 )  "Lines" are f a i r e d  through these po in t s  t o  represent  t h e  prob- 
ab le  behavior of t h e  materials. Since these  do not  give minimum values  
and s ince data a r e  in su f f i c i en t  f o r  s t a t i s t i c a l  evaluat ion of s c a t t e r ,  
the  l i n e s  i n  these  diagrams should not be used f o r  sa fe  design values  

With these  qua l i f i ca t ions ,  these  cons tan t - l i fe  diagrams a f fo rd  a summary 
of S-N values f o r  t h e  sheet mater ia ls  t e s t ed .  

I n  two regions of each diagram, p a r t i c u l a r  care  should be exercised 
i n  in t e rp re t ing  the  r e s u l t s .  F i r s t ,  po in ts  f o r  which t h e  maximum stress 
exceeded the  y i e l d  s t rength  of the  mater ia l  ( i n d i c a t e d  on each diagram) 
must be considered with respect  t o  s t re tch ing  specimens and thereby 
a l t e r i n g  s t r e s s e s  and/or mater ia l  p roper t ies  e i t h e r  preceding or during 
t h e  t e s t .  This point  has been mentioned i n  connection with d e t a i l s  of 
obtaining data. This region i s  of r e l a t i v e l y  small importance i n  design, 
s ince no material (except i n  very loca l  regions near stress-raisers) i s  
expected t o  be used beyond i t s  y i e ld  s t r e s s .  Second, t he  regions where 
minimum s t r e s s e s  were i n  compression ( t o  t h e  l e f t  of t h e  dashed l i n e  i n  
each diagram) represent  r e s u l t s  f o r  which t h e  prec is ion  of measurement 
w a s  less than f o r  those i n  the  tension-tension region. A t  present ,  
because of l imi t a t ions  imposed by the degree of s c a t t e r ,  t he re  i s  no 
c e r t a i n  evaluat ion of l o c a l  s t r e s s e s  on t h e  sheet  specimens under 
reversed loading within t h e  guide plates .  However, no observations ye t  
made have ind ica ted  ser ious  e r r o r s  due t o  use of guide p l a t e s  i n  
r e s t r a i n i n g  buckling. 

For a l l  t h ree  materials, it appears t h a t  decreasing t h e  mean stress 
increases  t h e  range of  stress that can be withstood f o r  a given lifetime, 
but  t h e  r a t e  of increase i s  r e l a t i v e l y  small f o r  long lifetimes. There 
i s  a poss ib le  decrease i n  f a t igue  s t rength  as t h e  speed of loading is  
decreased from 1100 t o  about 90 cycles per  minute; t h i s  decrease appears 
g r e a t e s t  (about 10 percent )  i n  t h e  range of reversed stress and i s  
ba re ly  wi th in  t h e  prec is ion  of t e s t i n g  i n  this  range. Comparing t h e  
materials on t h e  b a s i s  of percent of u l t imate  t e n s i l e  s t recgth :  
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(1) They show r a t h e r  s imi la r  sho r t - l i f e  f a t igue  s t rengths  but  d i f f e r  i n  
long-l i fe  f a t igue  s t rengths;  ( 2 )  t he  normalized SAE 4130 s t e e l  appears 
s ign i f i can t ly  s t ronger  than e i t h e r  of t h e  aluminum a l l o y s  f o r  l i f e t imes  
of 100,000 cycles and over; and (3)  t h e  g rea t e s t  d i f fe rence  between the  
two aluminum a l l o y s  appears f o r  lifetimes from about 100,000 t o  
1,000,000 cycles  ( i n  t h i s  region, 2h-T3 shows s i g n i f i c a n t l y  higher 
fatigue s t rength than 75S-T6). 
l i fe t imes ,  t he re  i s  a poss ib le  change i n  curvature of t h e  constant-  
l i f e t i m e  curves near a mean stress of about 10 percent of t h e  ul t imate  
t e n s i l e  strength.  This e f f e c t  i s  j u s t  "on t h e  edge" of t he  prec is ion  
of measurement, but  may be real. It does not appear f o r  t h e  SAF: 4130 
s t e e l .  

For t h e  two aluminum a l l o y s  a t  longer 

Fatigue Damage 

Results of t e s t s  t o  measure the  extent  of damage o r  strengthening 
a t  some stress l e v e l  should not be in t e rp re t ed  without due regard f o r  
experimental s c a t t e r .  As indicated by t h e  curves i n  figures 12 and 13, 
s c a t t e r  i n  the  base curves f o r  t h e  two aluminum a l l o y s  w a s  a t  least  
f 2 3  percent i n  l i f e t ime .  Figure 1 4  shows less s c a t t e r  - perhaps f10 per- 
cent f o r  the p a r t i c u l a r  l o t  of SAE 4130 steel t e s t ed .  
admitted, however, t h a t  tests on many more specimens might ind ica te  wider 
s c a t t e r  bands. Moreover, it i s  not easy t o  judge t h e  e f f e c t  of s c a t t e r  
i n  t h e  base curves upon values  of cycle r a t i o  and va lues  of damage r a t i o .  
The net  r e su l t ,  however, i s  considerable uncer ta in ty  i n  these  r a t i o s .  
This i s  consis tent  with observed va r i a t ions  i n  damage r a t i o s  i n  tables 8, 
9, and 10. 

It must be 

With these precautions i n  mind, t he  following observations may be 
warranted from figures 15, 16, and 17: 

(1) For a l l  t h ree  materials, damage with t h e  low stress appl ied 
first w a s  less than that est imated by Miner's assumption ( re ference  16)2 

( 2 )  For  t he  steel, t he  appl ica t ion  of t h e  high stress f i r s t  produced 
apparent damage i n  excess of that given by Miner's assumption 

( 3 )  For t h e  aluminum a l loys ,  t he re  appeared considerable s t rength-  
ening f o r  low cycle r a t i o s  of high s t r e s s  appl ied  f i rs t  

'Miner's assumption i s  t h a t  the  f r a c t i o n a l  l i f e  l o s t  a t  any stress 
l e v e l  because of running a t  a previous l e v e l  i s  j u s t  t he  f r a c t i o n a l  l i f e  
run a t  the  f i r s t  l e v e l .  

Thus, -- N2 - n2 - - - "1 or,  as more commonly wr i t ten ,  - "1 + - "2 = 1. 
N2 N 1  N 1  N2 
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While the re  are no s t r i c t l y  comparable data ( i . e . ,  damage on mean 
t e n s i l e  s t r e s s ) ,  r e s u l t s  from somewhat similar t es t s  have been reported.  
Observations (1) and ( 2 )  above a r e  i n  general  accord with expectat ions 
on t h e  basis of such previously reported r e s u l t s ;  item ( 3 )  i s  unusual. 

A possible  explanation fo r  the  strengthening of t h e  24S-T3 aluminum 
a l l o y  af ter  a few cycles  of high s t r e s s  may be a combination of l o c a l  
cold-work and l o c a l  stress r e l i e f  due t o  exceeding t h e  y i e l d  s t rength  
a t  t h e  high s t r e s s .  The y i e ld  values and high s t r e s s  l e v e l s  f o r  the  
th ree  mater ia l s  a r e :  

Material 

Yield s t r e s s ,  
0.2-percent High stress l e v e l  

o f f se t  ( P s i )  

24S-T3 54,000 55,000 
75S-T6 76,000 65,000 
SAE 4130 s t e e l  98,500 95,000 

Thus, t he  24S-T3 w a s  s t r e s sed  e s s e n t i a l l y  a t  i t s  y i e l d  s t rength  a t  
t he  high-level load i n  the  damage t e s t s .  However, t h i s  w a s  not t he  case 
f o r  t h e  75S-T6 (un le s s  y ie ld ing  w a s  extremely l o c a l ) ;  and, on the  o ther  
hand, t h e  s t e e l ,  which d id  not show much strengthening, w a s  s t r e s sed  
r a t h e r  near i t s  yield.  

It may be observed t h a t  very few comparable data a r e  ava i lab le  on 
f a t igue  damage and more information would be of considerable i n t e r e s t .  
However, it should be kept i n  mind tha t  obtaining such information may 
be expected t o  be time consuming and laborious.  

CONCLUSIONS 

Axial-load f a t igue  s t rengths  of unnotched and polished sheet speci-  
mens of 24S-T3 and 75S-T6 aluminum a l loys  and of SAE 4130 s t e e l  have been 
determined over a wide range of s t r e s s  values  and l ifetimes.  

1. The data obtained cons t i t u t e  an extension of information obtained 
previously by o ther  inves t iga tors  and, where dupl ics t ion  occurs, t he  
r e s u l t s  a r e  i n  agreement with those obtained previously.  

2. Slow-speed tes t s  (90 cpm) indicate,  but have not conclusively 
shown, t h a t  the  f a t i g u e  s t rength  may be reduced about 10 percent when 
the  speed of t e s t i n g  is  changed from 1100 t o  90 cycles  per minute. 
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3. Two-stress-level t e s t s  of f a t igue  damage show damage r a t i o s  
d i f fe ren t  from cycle r a t i o s .  

B a t t e l l e  Memorial I n s t i t u t e  
Columbus, Ohio, June 1, 1950 
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APPENDIX A 

EFFECT OF SURFACE FINISH ON FATIGUE LIFE 

OF ALUMINUM-ALLOY SPEC lMENS 

Preliminary f a t i g u e  t e s t s  were made on both 24S-T3 specimens and 
75S-T6 specimens with t h e  following surface f in i shes :  

(1) Mechanical po l i sh  i n  a basic medium; t h a t  is, abrasives  which 
were bas ic  

( 2 )  Mechanical po l i sh  i n  a neutral  o r  s l i g h t l y  ac id i c  medium 
( a c e t i c  a c i d  added t o  abrasives)  

( 3 )  Light buff ing 

( 4 )  E lec t ro ly t i c  pol ishing 

The r e s u l t s  showed t h a t  polishing i n  t h e  s l i g h t l y  a c i d  medium gave 
somewhat higher f a t i g u e  s t rengths  than pol i sh ing  i n  a bas ic  medium; 
buff ing gave high f a t igue  s t rength  but produced a cold-worked surface 
layer ;  and e l e c t r o l y t i c  pol ishing gave high f a t i g u e  s t rength  and d i d  not 
cold-work t h e  surface.  

Attempts were made t o  es t imate  the  r e s idua l  stresses i n  specimens 

inches long by 1/2 inch wide, by removing small thicknesses  e l ec t ro -  
subjected t o  t h e  var ious treatments.  

l y t i c a l l y  and observing t h e  r e su l t i ng  curvature.  Thicknesses w e r e  meas- 
ured with an o p t i c a l  comparator. Curvature changes were determined by 
measuring changes i n  a r c  height  over a chord length of 4 inches by means 
of a micrometer with an e l e c t r i c a l  contact. S t resses  were computed by 
t h e  following equation due t o  t h e  work of Richards ( reference 17): 

Measurements w e r e  made on bars ,  

wc 

s = - - - -  E h 2  dc Ew ( c o  - c )  - 1 [ S dw 6 dw 2 W 
LJW 

I n  t h i s  equation, E i s  Young's modulus, w i s  thickness,  and c i s  
curvature (co  being the  o r ig ina l  curvature).  Table 1 4  shows the  results 
of such t e s t s  on 75S-T6 and indicates  appreciable  compressive stress with 
l i g h t  buff ing and l i t t l e  s igni f icant  stress due t o  ca re fu l  mechanical 
polishing. The s l i g h t l y  higher fa t igue  s t rengths  of t h e  buffed specimens 
were a t t r i b u t e d  t o  surface work hardening and/or surface compression 
s t r e s s e s  . 
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I n  view of t h e  previous questions a s  t o  t h e  use of e lec t ropol i sh ing ,  
it w a s  thought des i rab le  t o  make more extensive tes t s  t o  deternine t h e  
r ep roduc ib i l i t y  of r e s u l t s  with t h i s  type of polishing. Accordingly, 
20 specimens of each a l l o y  were machined from some 2-inch-wide s t r i p s  

2 
long, 2/3 inch wide a t  t h e  c r i t i c a l  section, and had a continuous edge 
curvature of 12 inches. One-half of t h e  specimens of each mater ia l  were 
e lec t ropol i shed  and one-half were mechanically polished using a s l i g h t l y  
a c i d i c  medium. 
maximum tension, and 13,700 p s i ,  minimum tens ion ) .  
i n  t a b l e  15. 
Langley Aeronautical Laboratory of t h e  NACA and t h e  r e s u l t s  a r e  shown i n  
t a b l e  16, 
polishing gave qu i t e  as good r e s u l t s  as mechanical polishing. 

l e f t  over from shearing t h e  o r i g i n a l  sheets.  Each specimen w a s  17- 1 inches 

A l l  specimens were t e s t e d  a t  t h e  same stress ( ? j , O O O  p s i ,  
The r e s u l t s  are shown 

A s t a t i s t i c a l  ana lys i s  of t he  r e s u l t s  w a s  made a t  t h e  

It appeared t h a t ,  so fa r  a s  t hese  t e s t s  determined, e l ec t ro -  

F ina l ly ,  i n  view of t h e  considerably g rea t e r  ease of po l i sh ing  
l a rge  numbers of specimens e l e c t r o l y t i c a l l y ,  t h i s  method of surface 
f in i sh ing  was adopted. 
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APPENDIX B 

15 

E F F E C T  OF G U I D E  P L A T E S  I N  TENSION-COMPFGSSION FATIGUE TESTS 

Several  t e s t s  were made t o  estimate the  e f f e c t  of guide p l a t e s  used 
i n  the  tension-compression tes t s  t o  prevent sheet  buckling. 
of previous experience, t h e  guide p la tes  were made t o  a l low a clearance 
of 0.0025 inch between e i t h e r  surface of t he  specimen and t h e  o i l e d  paper. 
To t e s t  t he  extent  of buckling o r  of possible f r i c t i o n ,  s l o t s  1/2 inch 
by 1- inches were cut  i n  each guide plate .  These s l o t s  were cut  length- 

w i s e  t o  be Over t h e  c r i t i c a l  t e s t  sect ion of t h e  tes t  piece.  Type A-7, 
SR-4 s t r a i n  gages were cemented on e i t h e r  s ide  of a specimen so a s  t o  be 
in s ide  these  s l o t t e d  regions. Then the measurements shown i n  t a b l e  17 
w e r e  taken with the  f a t igue  t e s t i n g  machine running a t  r a t ed  speed. The 
r e s u l t s  showed: 

On the  basis 

1 
2 

(1) With t h e  clearance increased by a 0.005-inch shim separat ing 
the  guide p la tes ,  there  was evidence of s ign i f i can t  buckling, e spec ia l ly  
a t  high compression s t r e s s e s  ( s e e  t e s t  2 )  

( 2 )  With no shim - t he  condition used f o r  a c t u a l  t es t s  - t he re  
appeared l i t t l e  evidence of high bending stresses ( t h e  maximum being 
930 p s i  i n  one case - t e s t  2)  

(3 )  Without shims, measured s t r a i n s  were i n  good agreement with 
values  ca lcu la ted  from t h e  ex te rna l  loads 

It was concluded that t h e  guide p l a t e s  worked reasonably wel l  f o r  
t h e  tension-compression tests. 
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A3 3M2 
A9m3 
A92M4 
~ 4 6 ~ 2  
~ 1 5 ~ 2  
Am3 
A30M1 

TABLE 2. - DIRECT-STRESS, FATIGUE TEST RESULTS 

FOR 24S-T3 ALUMINUM SHEET SPECIMENS 

(ULTIMATE TENSILE STRENGTH OF 

SHEET, 73,000 PSI)1 

71,500 _____- - -___  F a i l e d  du r ing  load ing  
71,500 38,700 F a i l e d  i n  c r i t i c a l  s e c t i o n  
71,500 - - - -_---_--  F a i l e d  dur ing  loading  
68, ooo 252,000 F a i l e d  i n  c r i t i c a l  s e c t i o n  
66,500 519,500 Do. 
65, ooo 7,984,400 Do. 
60,000 >10,294,000 D i d  not  f a i l  

T e s t  r a t i o ,  0.60 

A13M3 
A5M3 
A l 4 M 1  
A14M2 

- .. -~ 

62,500 357,900 F a i l e d  i n  c r i t i c a l  s e c t i o n  
60, ooo 420,300 Do. 
58 , 000 1,294,300 F a i l e d  l/2 i n .  o u t  of c r i t i c a l  
58, ooo 2,168,800 F a i l e d  i n  c r i t i c a l  s e c t i o n  

A33M3 
A92M1 
A38M2 
~ 6 7 ~ 2  
A7 3M2 

A36M3 
~ 6 7 ~ 1  
A39M1 
A43M3 
A39M4 
A38M4 
A40M2 
~ 2 8 ~ 1  

A34M3 

A93M2 
~ 9 6 ~ 4  

A48N4 

42,100 
16, loo 
40,goO 
26 , loo 
85,150 
63,800 
43,200 

144,100 

191,800 
66,800 

406,700 
182,600 

538,300 
701 , 100 

>io, 360, ooo 

70,700 

351, 000 

71,500 
71,500 
71,500 
69, ooo 
65,000 

60, ooo 

56 , ooo 
54,000 
54, 000 

54, 000 

47, 500 

63, 500 
63,500 

57,500 

54, 000 

52, 500 
50,000 

F a i l e d  1 /2  i n .  ou t  of  c r i t i c a l  
F a i l e d  i n  c r i t i c a l  s e c t i o n  

Do. 
Do. 
Do.  
Do. 
Do. 
Do. 

F a i l e d  3/16 i n .  o u t  o f  c r i t i c a l  
F a i l e d  i n  c r i t i c a l  s e c t i o n  
Fa i l ed  i n  f l a w  
F a i l e d  in' c r i t i c a l  s e c t i o n  
F a i l e d  1 i n .  ou t  of c r i t i c a l  
F a i l e d  i n  c r i t i c a l  s e c t i o n  

D o .  
Do. 

D i d  no t  f a i l  

' S t a t i c  p r o p e r t i e s  a r e  g iven  i n  t a b l e  1. 
2For t e s t  r e s u l t s  a t  90 cpm, see  t a b l e  11. 
? C r i t i c a l  s e c t i o n  inc ludes  a r e a  1 / 2  i n .  e i t h e r  s i d e  of  l i n e  

of minimum c r o s s  s e c t i o n .  
f a i l i n g  w i t h i n  t h e  c r i t i c a l  s e c t i o n  a r e  p l o t t e d  on t h e  curves .  

%est r a t i o  determined by d iv id ing  minimum stress by 
maximum stress. 

O n l y  r e s u l t s  ob ta ined  from specimens 
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TABLE 2. - DIRECT-STRESS, FATIGUE TEST RESULTS FOR 

24S-T3 ALUMINUM SHEET SPECIMENS - Continued 

Specimen 
Maximum 

stress 
(Ps i )  

L i f e  
(cycles) 

Remarks 
(3) 

Test r a t i o J 4  0.25 
I I I 

68 , ooo 

45 , 000 

55,000 
47 J 500 

42 , 500 

43 , 100 
123,000 
210 , 500 

>12,895,700 
> 5 j  256,500 

Fai led i n  c r i t i c a l  sect ion 

Fai led i n  c r i t i c a l  sec t ion  
D i d  not f a i l  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - -  

Do. 

T e s t  r a t i o ,  0.10 

~ 1 5 ~ 1  
Al4M4 

45 , 000 
45 , 000 
40 , 000 

97, 6oo 
142 , 600 
346 , 100 

Failed 1/2 i n .  out of c r i t i c a l  
Fai led i n  c r i t i c a l  sec t ion  

Do. 

71,500 
71,500 
71,500 
71,500 
70 , 000 
65 , ooo 
60 , 000 
60 , 000 
60 , 000 
60 , 000 
56 , 000 
54,000 
54 , 000 
54,000 
54, 000 

li5,ooo 

45 , 000 
38 , ooo 

36 , ooo 

34 , 000 

29 , ooo 

52,500 

45 , 000 

37,750 

35,000 

32,500 
31,500 

25 , 000 

Test r a t i o ,  0.02 

7, Oo0 
4, 500 
9 J Oo0 
7, 000 
8,300 

29 , 600 

15,900 
34 , 200 

18 , 900 
43 , 000 

66 , 300 
62 , 600 

59,600 

72 , 200 
33,800 
84 , 900 

107 , ooo 

156 , 100 
9 , 081 , 200 

213, 500 

3551 400 
267,700 
281 , 900 

~ 2 , 3 6 2  , 500 

>10 , 348 , goo 

503,300 
>.lo , 950 , 000 

>lo, 024,500 

Fai led i n  c r i t i c a l  sect ion 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Fai led 3/4 in .  out of  c r i t i c a l  
Fa i led  i n  c r i t i c a l  sect ion 

Do. 
Fai led ‘2$ i n .  out of c r i t i c a l  

Fai led i n  c r i t i c a l  sect ion 
Do. 
Do. 
Do. 

Fai led i n  p i t  
Did not f a i l  
Fai led i n  c r i t i c a l  sect ion 
D i d  not f a i l  

Do. 
Do. 

3Cri t ical  sect ion includes area 112 i n .  e i t h e r  s ide  of l i n e  P A T  
of minimum cross  sect ion.  
fail ing within t h e  c r i t i c a l  sect ion a r e  p lo t ted  on t h e  curves. 

%’est r a t i o  determined by dividing minimum stress by 
maximum s t ress .  

5Meam value f o r  specimens used i n  tes ts  run f o r  s t a t i s t i c a l  
analy s i s  . 

Only r e s u l t s  obtained from specimens 
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Specimen 

2 1  

.~ 

Maximum L i f e  Remarks 
( cyc le s )  (3) stress 

( P s i )  

TABLE 2.  - DIRECT-STRESS, FATIGUE TEST RFSULTS FOR 

24S-T3 ALUMINUM SHEET SPECIMENS - Concluded 

70, ooo 
60, ooo 

54,000 
54,000 

50,000 

42,500 

50,000 
45,000 

35,000 
30, ooo 

3 9  500 
24,100 

42,800 
56,600 

66,700 

130, ooo 
93, 300 

131,900 

352,700 
>5,438 400 

Test  r a t i o , 4  -0.30 

24; 000 

A37M3 
A3 7M4 
A44M3 
~ 4 4 ~ 2  
A3m3 
A3 2M1 
A 7 h 2  
~ 3 1 ~ 1  
~ 3 1 ~ 2  
~ 2 6 ~ 2  

545,700 Do. 
1,164 800 Do. 

> 10,994,200 D i d  not  f a i l  

A934 
A9 3M3 
AlMl 
A9 3m 
A434 
A2Ml 
A734 
A57M4 
Am2 
m4 
A29M4 
A26M3 
A30M4 
~821~14 

A9h3 
A W  
A3M2 

45,000 32, ooo Fa i l ed  i n  c r i t i c a l  s e c t i o n  
35,000 149 200 Do. 
25, ooo 1,781,800 Do. 

71,500 
65,000 
55,000 
54,000 
48,000 
47,500 
40,000 
40,000 
40,000 
35,000 
30, ooo 
27, 500 
26,000 

Fa i l ed  i n  c r i t i c a l  s e c t i o n  
Do. 
Do. 
Do. 

Fa i l ed  1/2 i n .  ou t  o f  c r i t i c a l  
Fa i l ed  i n  c r i t i c a l  s e c t i o n  

Do. 
Do. 
go. 

Did not  f a i l  

Tes t  r a t i o ,  -0.60 

1,600 
6,200 
8,500 la, 200 

43,100 
35, 400 

118,000 
112,000 
88,100 

Fa i l ed  i n  c r i t i c a l  s e c t i o n  
Do.  
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

A5M2 
A3M3 
A30M2 
A4M2 
A32M4 

50, ooo 

30, ooo 
25, ooo 

40,000 
40,000 

13,100 
12,000 
53,000 

305, 700 
1,169,000 

F a i l e d  i n  c r i t i c a l  s e c t i o n  
Fa i l ed  1 / 2  i n .  ou t  of c r i t r c a l  
Fa i l ed  i n  c r i t i c a l  s e c t i o n  

Do. 
Do. 

1 I 

k r i t i c a l  s e c t i o n  inc ludes  a r e a  1 / 2  i n .  e i t h e r  s i d e  of l i n e  
of  minimum cross sec t ion .  Only results obtained from specimens 
f a i l i n g  wi th in  t h e  c r i t i c a l  s e c t i o n  a r e  p l o t t e d  on t h e  curves .  

%est r a t i o  determined by d iv id ing  minimum stress by 
maximum stress. 
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Life  
(cycles)  

M a x i m u m  
Specimen stress 

( p s i )  

NACA TN 2324 

Remarks 
(3)  

TABLE 3. - DIRFCT-STRESS , FATIGUE TEST RESULTS 

FOR 7 5 s - ~ 6  ALUMINUM SHEET SPECIMENS 

(UETIMATE TENSILE STRENGTH OF 

SHEET, 82 ,500 PSI) 

Remarks 
(3)  

I I I 

65,000 1 89,000 
B20M2 62,po , >4,799,800 

Fai led  i n  c r i t i c a l  sect ion 
Fa i led  in gr ips  

Test  r a t i o  ,4 0.70 

52,500 

B24M1 80,000 Probably cold-worked 
B8N4 1 75,000 1 >lE::;::i:: I Did not  f a i l  

> ~ , 6 1 5 , 1 O O  D i d  not f a i l  

80,500 
80 , 500 
80,500 
80 , 500 
79,000 
79,000 
75,000 
70,ooo 
70,ooo 
70, ooo 
65,000 
60,000 

50,000 
45,000 

Test  r a t i o ,  0.60 

173,200 Fa i l ed  i n  c r i t i c a l  sect ion 
>15,640,700 Did not  f a i l  

14 , 500 
71 , 700 
68,300 
99 ;ooo 

162,100 
181 , 600 
58 , 600 
88 , 100 

432,900 
1,140,300 
, 780 , 500 

>lo , 780 , 500 

Fai led  i n  c r i t i c a l  sect ion 
Do. 
Do. 
Do. 

Probably co Id -worked 
Do. 

Fa i led  i n  c r i t i c a l  sect ion 
Fa i led  1/4 in .  away from c r i t i c a l  
Fa i led  i n  c r i t i c a l  sect ion 
Reload 
Did not  f a i l  

Do. 
_ _ _ _ _ _ _ _ ~ - -  

Test  r a t i o ,  0.50 

80 , 500 
80,500 

80,500 
78,000 

70,000 
65,000 
60,000 
56,000 

80J500 

75,000 

Test  r a t i o  

23,600 
23,200 
20,000 
24,000 
27,600 
37,500 
39 , ~ 0 0  
63,800 
99,200 

214,200 

0.40 
__ 

Fai led  i n  c r i t i c a l  sect ion 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

'Static proper t ies  are given i n  t a b l e  1 .  
2For t a s t  r e s u l t s  a t  90 cpm, see t a b l e  1 2 .  

3Cri t icul  sect ion includes area 1/2 i n .  e i t h e r  s ide  of l i n e  
of minimum cross  sect ion.  
f a i l i n g  within t h e  c r i t i c a l  sect ion a r e  p lo t ted  on t h e  cwves .  

%?est  r a t i o  determined by dividing minimum stress by 
maximum s t ress .  

Only r e s u l t s  obtained from specimens 
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B 3 6 ~ 3  
( 5 )  

B 3 W  
B23M3 

~- - 

23 

62,500 52,400 Fai led  i n  c r i t i c a l  s ec t ion  
55,000 74 000 
55,000 120,800 Fai led i n  c r i t i c a l  s ec t ion  
50,000 >3,809,500 Did not  f a i l  

_ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

TABLE 3.- DIRECT-STRESS, FATIGUE TEST RESULTS FOR 

75S-T6 ALUMINUM SHEET SPECIMENS - Continued 

B36M2 
B l9M4 
B72M3 

50,000 178,000 Fai led  i n  c r i t i c a l  sec t ion  
47,500 79 200 Fa i led  2 i n .  away from c r i t i c a l  
47,500 892,500 Fai led  i n  c r i t i c a l  s ec t ion  

B97M3 
BglM4 

B121M2 
B12lM1 

s9m2 

~ 1 5 ~ 1  

B 3 8 ~ 2  

B 3 6 ~ 1  

B14M3 
B114M4 

B 14M2 
B 1 4 ~ l  
B 3 W  
B78M2 
B65M3 
B56M3 
B16M3 
B2OMl 
B65M3 
B8lM3 

B 9 w  
~ 9 ~ 4 1  
B92M4 
B72M4 
B97M2 

80,500 

80,500 
80,500 

80, ooo 
78, ooo 
77,000 

75,000 
70,000 
50,000 
45,000 
45,000 
45,000 

40,000 
38,000 
37,500 
37, 500 
35,000 
30,000 
40,000 

45,000 

75,000 11,600 Fai led i n  c r i t i c a l  sec t ion  
75,000 8,800 Do. 
75,000 9,400 Do. 
65, ooo 11,000 Do. 
60,000 16,600 Do. 

9,400 
9,200 
9,800 
9,700 
9,700 ----------- 

16,200 
18,800 
48,000 
99,400 

160 600 

23,600 
355,600 

305,300 

70,100 
202,500 

>lo, 500 000 
>13,785,100 
>lo, 535,800 

9,705,800 

Fai led  i n  c r i t i c a l  sec t ion  
Do. 
Do. 
Do. 
Do. 

(Load too  high; f a i l e d  i n  
g r i p s  while loading) 

Fa i led  i n  c r i t i c a l  sec t ion  
Do. 
Do. 
Do. 
Do. 

Fa i led  i n  g r ips  
Fa i led  1 i n .  out of c r i t i c a l  
Fa i led  i n  c r i t i c a l  sec t ion  
Reload 
Fa i led  1/2 in .  away from c r i t i c a l  
D i d  not  f a i l  

Do. 
Do. 

Fa i led  i n  c r i t i c a l  sec t ion  
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TABU 3.- DIRECT-STRESS, FATIGUE TEST RESULTS FOR 

75S-T6 'ALUMINUM SHEET SPEClMENS - Concluded 

Specimen stress 

B94M3 
B44M4 
B17M3 
B18M3 
~ 4 4 ~ 2  
B26M3 
~ 2 6 ~ 1  
B34M1 
~ 1 8 ~ 4  

Test r a t i o , 4  -0.60 - Concluded 

60, ooo 
60, ooo 
55,000 
45,000 
43,000 
40,000 
40,000 
37,500 
35,000 

Remarks 
( c y c l e s )  ( 3 )  Life I 

19,100 

24,600 
68,200 
63,800 

254,800 
>lo, 243,000 

19,400 

152,800 
168,700 

T e s t  r a t i o ,  - 

F a i l e d  i n  c r i t i c a l  s e c t i o n  
Do. 
Do. 

F a i l e d  3/16 i n .  ou t  of  c r i t i c a l  
F a i l e d  i n  c r i t i c a l  s e c t i o n  

Do. 
Do. 
Do. 

D i d  no t  f a i l  

.80 

~ 4 6 ~ 3  
B3lM2 
B3lM4 
B2lM4 

50,000 
39,500 
35,000 
32,500 

15,300 
58,100 

154,700 
776,300 

F a i l e d  i n  c r i t i c a l  s e c t i o n  
Do. 
Do. 

F a i l e d  1/16 i n .  ou t  of  c r i t i c a l  

B8M3 
~ 1 0 9 ~ 2 ~  
~ 1 5 ~ 1  

~ 1 0 7 ~ 2 3  

~ 6 ~ 4  
~ 2 8 ~ 1  

B28M3 

B 39M1 
B 3M3 

B102S2B 
B11OS2B 
BlOlS2B 
B 39M2 
B 39M3 
B40M4 
~103 .52~  
~ 1 0 6 ~ 2 ~  
B108S2B 
B104S2B 
B105S2B 

50,000 
40,000 
40,000 
40,000 
35, 000 
35,000 
33,000 
32,500 
30,000 

30,000 

30, ooo 
, 30,000 

27,500 

30,000 

30,000 
30,000 

25,000 
25,000 
24,000 
23,000 

T e s t  r a t i o ,  -1.00 

13,000 
45,000 
55,400 
66,800 

135,000 
110,600 
27, ooo 
73,000 

130,200 

263, ooo 
165, ooo 
478,000 

149,300 
3,l-37,000 
1,205, ooo 
3,321,000 
9,497,600 

_ _ _ _ _ _ _ _ _ - -  

>lo, 400,000 
>lo, 133,000 

F a i l e d  i n  c r i t i c a l  s e c t i o n  
F a i l e d  1/4 i n .  ou t  o f  c r i t i c a l  
F a i l e d  i n  c r i t i c a l  s e c t i o n  

Do. 
F a i l e d  1/2 i n .  o u t  o f  c r i t i c a l  
F a i l e d  i n  c r i t i c a l  s e c t i o n  
F a i l e d  1 i n .  away from c r i t i c a l  
Probably buckled i n  guides  
F a i l e d  i n  c r i t i c a l  (probably  

F a i l e d  i n  c r i t i c a l  s e c t i o n  
F a i l e d  1/4 i n .  o u t  o f  c r i t i c a l  
F a i l e d  i n  c r i t i c a l  s e c t i o n  
Severe ly  buckled 

Do. 
F a i l e d  i n  c r i t i c a l  s e c t i o n  

Do. 
F a i l e d  3/4 i n .  o u t  o f  c r i t i c a l  
F a i l e d  i n  c r i t i c a l  s e c t i o n  
Did no t  fa i l  

Do. 

buckled)  

3 C r i t i c a l  s e c t i o n  inc ludes  area 1/2 i n .  e i t h e r  s i d e  of l i n e  TcEkT&T' 
of minimum c ross  s e c t i o n .  Only results obta ined  from specimens 
f a i l i n g  wi th in  t h e  c r i t i c a l  s e c t i o n  are p l o t t e d  on t h e  curves .  

% e s t  r a t i o  determined by d iv id ing  minimum stress by 
maxirmun s t r e s s .  
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Specimen 
(3) 

RACA TN 2324 

L i f e  Remarks 
Maximum 

s t r e s s  
( p s i )  (cycles)  (4)  

TABLE 4.- DIRECT-STRESS, FATIGUE TEST RESULTS 

FOR SAE 4130 STEEL SHEET SPECIMENS 

(ULTIMATE TENSILE STFXNGTH OF 

SHEET, 117,000 PSI)1 

C144m 110,000 >12,375,000 D i d  not f a i l ;  probably cold- 
worked 

>1,405,600 
>13,673,500 
> I3  9 395,000 

c14Ml 
c119m 
c29m 
c 1 6 m  

c146m 
C152ML 

~~~ 

Fai led  i n  g r i p  
D i d  not f a i l  

Do. 

110,000 
107,500 
102,500 
98,000 
95 , 000 
90,000 

c63w 
C124Ml 
c 1 6 w  
c12lM2 
c122M2 
C150Ml 
c8m 
c 4M-l 

C155& 
~382.12 
C155m 
c58m 
C15lM-L 

C14m 

C 1 4 m  

Test r a t i o ,  0.40 

>12,351,000 Probably cold-worked 

>l2,23l,OOO D i d  not f a i l  

>12,234,100 Did not f a i l  

152,400 Fai led  i n  c r i t i c a l  sec t ion  

199,300 Fai led i n  flaw 

1,649,000 Do. i T e s t  r a t i o ,  0.25 _ _ _ _ _ _ _ _ _ ~  

112,000 
110,000 
107 500 
100,000 
100,000 
95,000 
95,000 
95 000 

88,000 
85 , 000 
85 , 000 
82,500 
80,000 

90,000 

70,000 

c20m 
c33m 
c123m 

103,800 ----------- 
89,600 

434,300 
254,500 
194,000 
247,500 
465,000 
204, bo 
278,900 

~15,060,000 
>368,800 

>10,854,200 
>11,773,000 
>I, 652,300 

98,000 
98,000 
95 , 000 

Fai led  i n  c r i t i c a l  sec t ion  
Load could not be maintained 
Fa i led  i n  c r i t i c a l  sec t ion  

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 

Did not  f a i l  

'Static proper t ies  a r e  given i n  t a b l e  1. 
?For t e s t  r e s u l t s  a t  90 cpm, see t a b l e  13. 
3Specimens f o r  higher maximum s t r e s s  reduced i n  width 

'Cri t ical  sec t ion  includes area 112 i n .  e i t h e r  s i d e  of l i n e  
from 1.000 t o  0.800 in .  t o  take  higher loads.  

of minimum cross  sec t ion .  
failing within c r i t i c a l  sec t ion  are p lo t ted  on t h e  curves.  

h e s t  r a t i o  determined by dividing m i n i m u m  stress by 
maximum s t r e s s .  

Only r e su l t s  obtained from specimens 
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Maximum 
stress Specimen 

(3) 

NACA 'I" 2324 

Life  Remrks 
( 4) (cycles) 

TABLE 4.- DIRFCT-STRESS, FATIGUE TEST RESULTS FOR 

SAE 4130 STEEL SHEET SPECIMENS - Concluded 

35,900 
80,000 

106,100 
83,000 
64,400 
67,600 

109,300 
239,000 
465,200 
652,400 
626,900 
874,300 

>13,086,100 

Fai led i n  c r i t i c a l  sec t ion  
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Did not f a i l  

c 6 m  
C l l M l  
c12m 
C 32M2 
c66m 
C2M2 
c 1 8 7 ~ 2  
~188111 
c18m 
C32m 
c 2 - w  
C174Ml 
C14M2 

61,000 
49,600 
60,000 

102,400 
153,200 
300,400 

1,020,400 
2,607,900 

>12,612,400 

100,000 
97,500 
96,000 
95,000 

95,000 
90,000 

95 000 

85,000 
80,000 
77,500 
77,000 
74,000 
71,000 

Fai led i n  c r i t i c a l  sec t ion  

Specimen buckled 
Fai led i n  c r i t i c a l  sec t ion  
Specimen buckled 
Fai led i n  c r i t i c a l  sec t ion  

Do. 

Do. 
Do. 

D i d  not f a i l  

90,000 
85,000 
80,000 
80,000 

65, ooo 
62,500 

72,500 
72,500 

59,000 

T e s t  r a t i o ,  -0.80 

c66m 
c 6 ~ 2  
C71.11 
c113m 
C7M2 
c lorn 

75,000 
70,000 
65,000 
60,000 
60,000 
55 , 000 

Failed i n  c r i t i c a l  sec t ion  
Do. 
Do. 
Do. 

Fai led 1 in .  out of c r i t i c a l  
Did not f a i l  

C13M2 
C50M.2 
~ 8 0 ~ 2  
c58m 
c64m 
c 471.11 

75 , 000 
65,000 
55,000 
50,000 
47,500 
45,000 

Test r a t i o ,  -1.00 

246,000 
1,530,800 

Do. 
D i d  not f a i l  

___ - _ _ _ _  

3 S p e c ~ e n s  for  higher maximum s t r e s s  reduced i n  width 
from 1.000 t o  0.800 in .  t o  take  higher loads. 

'Critical sect ion includes area 112 i n .  e i t h e r  s ide  of l i n e  
of minimum cross sect ion.  
f a i l i n g  within c r i t i c a l  sec t ion  a re  p lo t ted  on t h e  curves. 

Only r e s u l t s  obtained from specimens 

5Test r a t i o  determined by dividing minimum s t r e s s  by 
maximum s t ress .  
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TABIX 5.- CHECK RESJLTS FOR BASE-LINE CURVE FOR DAMAGE TESTS 

ON 24S-T3 ALUMINUM; MEAI? STRESS CONSTANT AT 18,250 PSI 

( ONE-FOUFCl" OF ULTIMATE STRENGTH) 

Specimen 

A7M1 
Mean 

~ 6 ~ 1  
A8Ml 
AT42 
A8M2 
A8M3 

Mean 

~ 1 ~ 3  
A9M3 
A l O M l  
A10M2 
A9M4 

Mean 
Av . deviat ion 

A5M1 
A6M2 
Am4 . 
A8M4 

Mean 
Av . .dev ia t  ion 

35,500 ------ 

36,750 
36,750 
36,750 

36,750 
36,750 

40,000 
40,000 
40,000 

40 , 000 
40,000 

------ 
----e- 

55 , 000 
55 000 
55 9 000 
55 , 000 ------ 
----_- 

L i f e  
( cyc le s )  

Remarks 
(1) 

D i d  not f a i l  
Too close t o  endurance 

l i m i t  

Failed i n  c r i t i c a l  
Do. 

Fa i l ed  i n  sc ra t ch  
Fa i l ed  out  of c r i t i c a l  
D i d  not f a i l  
Too c lose  t o  endurance 

l i m i t  

Fa i l ed  i n  c r i t i c a l  
Fa i l ed  i n  f l a w  
Fa i l ed  i n  c r i t i c a l  

Do. 
Do. 

Do. 
Excluding A9M3 

Fa i l ed  i n  c r i t i c a l  
Do. 
Do. 
Do. 

'C r i t i ca l  s ec t ion  includes area 1/2 in .  e i t h e r  s i d e  of l i n e  of 
minimum c ross  sect ion.  \*- 
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TABLE 6.- CHECK RESULTS FOR BASE-LINE CURVE FOR DAMAGE TESTS 

ON 75S-T6 ALUMINUM; MEAN STRESS CONSTANT AT 20,625 PSI 

( ONE-FOURTH OF ULTIMATE SWNGTH) 

Spec Fmen 

B1p4 
~ 1 6 ~ 4  
Me an 

~ 2 0 ~ 3  
B17M2 

Mean 

B2lM2 
s18m 
~ 1 8 ~ 2  

Mean 
Av. deviatioi  

~ 1 3 ~ 1  
B7M3 
B13M3 

Mean 
Av  . deviat  io1 

B25Ml 
~ 2 5 ~ 2  
~ 2 1 ~ 3  

Mean 
Av. deviat  io1 

S t r e s s  
( P s i )  L i fe  

(cyc les )  
Remarks 
(1) 

'Cr i t ica l  sec t ion  includes a r e a  1/2 i n .  e i t h e r  s ide  of l i n e  
of minimum cross  sec t ion .  
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TABLE 7. - CHECK RESULTS FOR BASE-LINE CURVE FOR DAMAGE TESTS 

ON SAE 4130 STEEL; MEAN STmSS CONSTANT AT 29,250 PSI 

(ONE-FOURTH OF ULTIMATE STRENGTH) 

Specimen 

~ 8 6 ~ 2  
~ 2 8 ~ 2  

bC53m 
Mean 

bC90Ml 
c97m 

bc88m 
Mean 
Av. deviat ion 

bC 4142 
c69m 

Mean 
Av. deviat ion 

b C I M l  

C 90M2 
bC57m 
bC59m 

bCLM2 

Mean 
Av. deviat ion 

Maximum Minimum 

L i f e  
(cyc les )  

759,100 
1,3759700 
2,494,100 
1,543,000 

562, ooo 
596,000 

583,000 
591,000 

d+, 000 

312,900 
289,300 
301,100 
+ii, 800 

120,900 

70,500 
62,600 
64,200 
65,800 e, 200 

29,200 

Remarks 
(a)  

Fa i led  i n  c r i t i c a l  
Do. 
Do. 

Too close t o  endurance 
l i m i t  

Fa i led  i n  c r i t i c a l  
Do. 
Do. 

Fai led  i n  c r i t i c a l  
Do. 

Fa i led  i n  c r i t i c a l  

Load too  high 

% r i t i c a l  sec t ion  includes area 1/2 in .  e i t h e r  s i d e  of  

bSpecimen reduced i n  width from 1.000 t o  0.800 i n .  
l i n e  of minFmum cross  sect ion.  



30 NACA TN 2324 

TABLE 8.- RESULTS OF FATIGUE LOADING 24S-T3 ALUMINUM SBEEI SPECIWS AT TWO 

STRESS LEVELS W I T H  A CONSTANT MEAN STRESS OF 18,250 PSI 

(ONE-FOURTH OF ULTIMATE STRENGTH) 

I I 

Damage s t ress ,  55,003-psi maximum 
Testing s t ress ,  40,000-psi maximum 

Virgin specimen l i f e ,  N2, 160,500 cycles 

A28M4 

A27M3 
APT@ 

Mean 

A28M3 
A27M4 
A35M2 

A47M4 
A24M4 
A22M4 
A23M3 

A24M3 
Mean 

A l W  
A l l M 4  
A10M3 

Mean 

A6M3 
~ 6 ~ 4  
A12M2 

Mean 

A25M2 
A5W 
A261.n 

Mean 

A 3 W  

A37Ml 
A22M3 

Mean 

A 2 m  
A 2 m  
A l l M l  

Mean 

A29Ml 

A30M3 
A2lM3 
A22Ml 
A2h.E 

Mean 

A29M3 
A40M3 
A29W 

Mean _- 

lo I 

~ ~~- 

32,000 
32,000 
32,000 - - - - - - - 
60,000 

56,000 

88,100 
88,100 
80,000 

55,000 

------- 

- - - - - - - 
112,500 

112,500 
112,000 
112,000 
112,000 

136,500 

------- 

144,500 
138,300 ------- 

0.00025 

.10 

.10 

.10 

.25 

.25 

.25 

.25 

.25 

.25 

.25 

.25 

.25 

.50 

.50 

.50 

.5O 

.67 

.67 

.67 

.67 

0.20 
.20 
.20 
.20 

.37 

.34 

.35 

.35 

.55 

.55 

.50 

.53 

.72 

.78 

.75 

.75 

.75 

.76 

.85 

.90 

.87 . a7 

-m 

-m 
-m 

-m 

-3.0 
-2.1 
-.6 

-.2 
-.4 
0 ------_--- 

-1.3 
- . 3  ? 0.6 

.3 

.2 
-.l 
.1 + 0.2 

.8 

.7 

.7 

.7 * 0.1 

Darnage s t ress ,  40,000-psi maximum 
Testing etrese,  55,000-psi maximum 

Virgin specimen l i f e ,  Ng, 36,000 cycles 

13,000 
10, 000 
-3,000 - -_____________ 
-8,200 

5,600 
2,600 

-4,500 
2,400 

-10,200 

-_ -____________  

11,200 

-20,900 
-15,100 
10,600 
-8,000 

-21,200 
-3,000 
6,000 

-___-- - - - - -____ 

________- -_____  
~ 

0.4 
.3 

-.l 
.2 f 0.2 

-.2 

.2 

.1 
0 + 0.2 

-.l 
.1 

-.3 
-.l f 0.1 

.3 

-.6 
-.4 

.3 
-.2 
.1 f 0.4 

-.6 
-.l 

-.2 f 0.3 
.15 

D i d  not f a i l  

Did D O t  f a l l  
Do. 

Failed i n  c r i t i c a l  

Failed 318 in .  out Of 

Failed i n  c r i t i c a l  

Do. 

c r i t i c a l  

Do. 
Do. 

Fai led 1 in.  out of 

Failed i n  c r i t i c a l  
Excluding A23M3 and A28M3 

Failed i n  c r i t i c a l  

c r i t i c a l  

Do. 
Do. 

......................... 

Failed i n  c r i t i c a l  
Do. 
Do. 

_____--__-_______________ 

Failed i n  c r i t i c a l  
DO. 
Do. 

Failed 118 i n .  out of 

F a l k d  i n  c r i t i c a l  
c r i t i c a l  

Do. 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Failed i n  c r i t i c a l  
Do. 
Do. 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Failed 114 in .  out of 

Failed i n  c r i t i c a l  
c r i t i c a l  

Do. 
Do. 
Do. 

Excluding A29M 

c 

'Negative sign indicates strengthening. 
'Critical section includes area 1/2 i n .  e i ther  side of l i n e  

of m i r i l m m  crow section. 
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Cycle 
Damage, Damage 
N 2  - n2 r a t i o ,  
(cycles) N 2  - "2 

(a )  N 2  
(cyc les )  

TABLE 9.- RESULTS OF FATIGUE LOADING 75S-T6 ALUMINUM SHEET SPECIMENS AT TWO 

STRZSS LEVELS W I T H  A CONSTANT MEAN STRESS OF 20,625 PSI 

(ONE-FOURTH OF ULTIMATE STRENGTH) 

Remarks 
(b) 

3,230,600 
393,100 
282,400 

B22M2 
B22Ml 
B28M4 

Mean 

B37M2 
B30W 
B 3 OM4 
B30M3 

Mean 

B32Ml 
B30Ml 
B34M3 
B35E 

Mean 

B34M2 
B 3 4134 
B34M3 

Mean 
____ 

-3,164,400 
-326,909 
-216,200 

0.0005: 
.0005: ------- _ _ _ _ _ - _  
.0005: 

.10 

.10 

.10 

.10 

.25 
25 

.25 
25 

* 25 

.50 
* 50 
.50 
50 

* 75 
.75 
.75 
.75 

25 
25 
25 

* 25 

50 
* 50 - 50 
* 50 - 50 

.76 

.75 

.76 

.76 

.76 

.85 

.85 

.85 

.85 

-0.6 
-.4 

-28.0 
- -_--_____--  

-.5 t 0.1 

-48.0 
-.5 

-3.3 
-17.3 f 24.C 

- .7 
-.7 
-.6 
-.2 
-.6 f 0.1 

.6 

.5 

.2 

.4 +_ 0.2 

.7 

.8 

.6 

.7 f 0.1 

F a i l e d  114 in .  out of c r i t i c a l  
Failed i n  c r i t i c a l  

.............................. 
Excluding ~ 2 0 ~ 6  and ~ 2 1 ~ 6  

Fai led i n  c r i t i c a l  
Do. 
Do. 

Scatter very large 

Failed i n  cri t ical  
Do. 
Do. 
Do. 

Damage stress, 45,000-psi maximum 
Testing stress, 65,000-psi maximum 

Virgin specimen l i f e ,  N2, 18,000 cycles 

Failed I n  c r i t i c a l  
Do. 
Do. -__----__---___---__--------_- 

Failed i n  grips 
Fai led i n  c r i t i c a l  

Do. 
Do. ------------------------------ 

Fai led  i n  c r i t i c a l  
Do. 
Do. 
Do, 

Excluding B32Ml 

Fa i l ed  i n  c r i t i c n l  
Do. 
Do. ___-__-__-__________--------- -  

'Negative sign indicates strengthening. 
bCri t ical  section includes area 112 i n ,  either s ide  of l i ne  of 

cMaximum etress ,  76,000 p s i .  
ninirmna cross section. 
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309,400 
312,500 
447,400 ------- 
309,400 
312,500 
447,400 

556,500 

552,800 

------- 

539,900 

- - - - - - - 

NACA !I" 2324 

0.5 
.5 
.8 
.6 0.1 

.5 

.7 

.8 

.7 k 0.1 

1.0 
- 9  
.9 
.9 ir 0 .1  

~~ 

TABLE 10.- RESULTS OF FATIGUE LOADING SAE 4130 STEEL SHEET SPECIMENS 

AT TWO STRFSS LEVnS W I T H  A CONSTAXL' MEAN STRESS OF 29,250 PSI 

(ONE-FOURTH OF ULTIMATE STRENGTH) 

0.25 
25 

* 25 
* 25 

* 50 - 50 
50 

.75 

.75 

.75 

.75 

* 50 

Specimen 

273,600 
270,500 
135,600 - - - - - - - 
281,500 
200,800 
146,800 

26,500 
43,100 

------- 

30,200 ------- 

Damage 
s t ress ,  

"1 
(cycles) 

-18,200 
22,800 

-11,200 

31,300 

- - - - - - - 

24,300 
24,600 

26,500 

------- 

31,400 
32,800 ------- 

~ 5 8 ~ 2  
c 1oM2 
c 3W 

Mean 

c 2M2 
C13Ml 
C13W 

Mean 

c 8 9 ~  
c 18112 
c 5W 

Mean 

-0.3 
. 3  

-.2 
0 kO.3 

*3  
. 4  
.4  
.4 k O . 1  

.4  

.5 
-5  
.5 * 0.1 

Cycle I 

Damage. s t ress ,  95,000-psi maximum 
Testing s t ress ,  82,500-psi maximum 

Virgin specimen l i f e ,  N 2 ,  583,000 cycles 

Damage stress, 82,500-psi maximum 
Testing s t ress ,  95,000-psi maximum 

Ng, 65,800 cycles Virgin specimen l i f e ,  

0.25 
* 25 
* 25 - 25 

- 50 
50 

* 50 
* 50 

.75 

.75 

.75 

.75 

1 

Failed i n  c r i t i c  
Do. 
Do. ---------------- 

Failed i n  c r i t i c  
Do. 
Do. _______--__-----  

Failed i n  c r i t i c  
Do. 
Do. ---------------- 

Failed i n  c r i t i c  
Do. 
Do. ---------------- 

Failed i n  c r i t i c  
Do. 
Do. 

Failed i n  c r i t i c  
Do. 
Do. 

'Negative s ign indicates strengthening. v- 
% r i t i c a l  sect ion includes area 112 in .  e i t h e r  s ide  of l i n e  o f  

minimum cross section. 
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48,000 
48,000 

40,000 
40,000 
40,000 
40,000 

35,000 
35,000 
27,500 
25,000 

NACA TN 2324 

22,300 Failed in  c r i t i ca l  
16,200 Do. 

50,500 Failed in  c r i t i ca l  
59,800 Do. 
65,600 Do. 
31,000 Failed 118 in. out 

of c r i t i ca l  

85,800 Failed in  cr i t ical  
72,500 Do. 

242,000 Do, 
>5,372,400 D i d  not f a i l  

33 

A36M2 
A36Ml 
A38M3 

A82M2 

A6m 
A74Ml 

TABU 11.- COMPARISON OF AXIAL FATIGUE TEST RESULTS FOR U N N O T m  

24S-T3 ALUMINUM SHEET SPECIMENS AT TWO TEST SPEEDS 

54,000 66,300 Failed i n  c r i t i ca l  A40M4 
54,000 62 600 -------do--------- A4W3 

52,500 84,900 Failed i n  c r i t i ca l  ~ 4 6 m  

45,000 107,000 Failed i n  c r i t i ca l  A68m 
45,000 156,100 -------do- - - -- -- -- A58Ml 

54,000 72 21-3) -------do--------- ----- 

1100 cpm I 90 cpm 

54,000 
54,000 

Test ratio,:! -0.60 

51,600 Failed in critica! 
48,400 Do. 

I 1 

A42M2 
A42M 

~ 6 4 ~  
~ 6 4 w  

A48Ml 
A45M4 

A57W 
A68m 
A69m 
A79M3 

45,000 109,800 Failed in  c r i t i ca l  ~ 6 m 4  45,000 79,700 Failed in  cr i t ical  
45,000 131,903 -------do--------- A57M2 45,000 93,600 Do. ------ __------_-- ------------------ ~ 6 8 ~ 4  40,000 265,900 Do. 

35,000 352,700 Failed in  c r i t i ca l  A48m 35,000 352,500 Failed in  critical 

Teat ratio, 0.02 

Test ratio, 0.40 

52,5cO 75,500 Failed in  critica: 

45,003 146,800 Failed i n  critica: i 45,000 1 162,300 1 Do. 

54,000 186,500 Failed i n  critica: 
54,ooill 208,3001 DO. Do. 
54,000 362,500 

'Critical section includes area 112 in.  either side of l ine of minimum cross 
section. 
are plotted i n  the curves. 

Only results obtained from specimens fai l ing within c r i t i ca l  section 

%est ra t io  determined by dividing minimum stress by maximum stress. 
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B95M4 
B94Kl 

B93Ml 
B15M2 
B2W4 

( c )  ___ 

NACA TN 2324 

80,500 
80,500 

80,500 
79,000 
79,000 
80,000 

TABLE 12.- COMPARISON OF AXIAL FATIGUE TEST RESULTS FOR UNNOTCHED 

75S-T6 I\LUMlNJM SHEm SPECIMENS AT W O  TEST SPEEDS 

1100 cpm I 

T e s t  ra t io ,b  -0.60 

60,000 
60,000 
60,000 
60,000 

43,oco 
4 3 , m  
40,000 
40,000 
40,000 
37,500 
37,500 
35,000 
35,000 
32,500 
30,000 

13,600 
16,500 
11,300 
15,000 

51,000 
48,300 
46,100 
65,000 
66,700 
75,800 

148,500 
159,300 
78,800 

253,600 
>3,756,900 

Fai led in c r i t i c a l  
Do. 
Do. 
Do. 

Fai led i n  c r i t i c a l  
DO.  
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Buckled 
Fai led i n  c r i t i c a l  
Fai led i n  gr ips  

Test r a t i o ,  0.02 

80,500 6,300 
5,800 

80,530 80’500 I 6,100 

Fai led i n  c r i t i c a l  
Do. 
Do. 

Fai led in c r i t i c a l  
Do. 

_----__-_--------- 

80,500 
80,500 
80,500 9,800 
80,500 9,700 

___--- _ _ _ - _ _ _ _ _ _  
62,500 17,900 
62,500 13,800 

50,000 48,000 
45,000 160,600 

___-__ -----_---- 

45,000 

Fai led i n  c r i t i c a l  

Test r a t i o ,  0.25 
I I 

70,000 29,100 
70,000 25,100 

Fai led i n  c r i t i c a l  
Do. 

---_-------------- 

Test  r a t i o ,  0.40 

Do. 

Test r a t i o ,  0.60 

71,700 
68,300 

99,000 
162, loo 
181,600 
45,000 

- _ _ _ ~  
aCr i t ica l  sect ion includes area 112 in .  e i t h e r  aide of l i n e  of minimrun cross  sect ion.  

Only resu l t s  obtained from specimens f a i l i c g  within c r i t i c a l  aect ion a r e  p lo t ted  on 
the  curves. 

h e s t  r a t i o  determined by dividing minimum stress by maximum s t r e s s .  

cValue taken from curve; within f10 percent. 
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1100 cpm 

35 

90 cpm 

Life  Remarks Maximum 

Specimen s t r e s s  (cycles) (1) (PSI)  

TABTLE 13.- COMPAIlISON OF AXIAL FATIGUE TEST FUISULTS FOR UNNOTCHED 

SAE 4130 STEEL SHEET SPECIMENS AT TWO TEST SPEEDS 

26,800 

105,500 
157,600 

259,400 

>3,394,400 

---------- 

---------- 

Failed i n  c r i t i c a l  

Failed i n  c r i t i c a l  
Do. 

Failed i n  c r i t i c a l  

D i d  not f a i l  

------------------ 

------------------ 

Test ra t io ,2  -0.60 

I 

c 189m 

c96m 

c 1 7 6 ~ 2  

C30M2 

C l O M l  
c24W 

85,000 
80,000 

72,500 

65,000 
65,000 
59 000 

Test r a t i o ,  -0.30 

97,500 
96,000 

95,000 
95,000 
95 000 

90,000 

85, ooo 

80,000 

------ ------ 

74,000 

71, O K  

85,000 
85,000 
85,000 
80,000 

189,500 Failed i n  c r i t i c a l  
139,400 Do. 
163,900 Do. 
228,200 Do. 

75,000 1 6V,OOOLai1ea i n  c r i t i c a l  

70,000 >3,557,400 D i d  not f a i l  
___ .- ~ - -  

T e s t  ratii 0.02 

100 , 000 
100,000 

95, Om 
95,000 
95,000 

90,000 

------- 

- - - - - - - 

---------- ------------------ 
584,700 Failed in c r i t i c a l  
454,200 Do. 
227 , 900 Do. 

90,000 294,000 Failed i n  c r i t i c a l  
90,000 439,500 I Do. 

7- 
'Cr i t ical  section includes area 112 in. e i ther  side of l i n e  o f  m i n i m  cross 

section. 
plot ted on the  curves. 

Only r e su l t s  obtained from specimens fa i l ing  within c r i t i c a l  sect ion a re  

2Test r a t i o  determined by dividing minimum s t r e s s  by maximum s t r e s s .  
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T ~ L E  15.- FATIGUE RESULTS ON ELECTROPOLISHED AND MECHANICALLY 

POLISHED SPECIMENS' TESTED AT MAXIMUM LOAD OF 55,000 PSI 

AND TEST RATIO OF 0.25 FOR STATISTICAL ANALYSIS 

Specimen 
(2 )  

~ 1 ~ 6  
~ 2 ~ 6 .  

~ 5 ~ 6  
~ 1 1 ~ 6  
~ 1 2 ~ 6  

~ 1 4 ~ 6  

~ 1 6 ~ 6  

~ 2 0 ~ 6  

s i s 6  
~ 2 ~ 6  

A3S6 
A k 6  

A13S6 

A15S6 

A17S6 

B3S6 
B5S6 
B6S6 

B8S6 
B9S6 

~ 7 s 6  

B 16s6 
s18s6 

Alloy 

24S-T3 
2 k - T 3  

24S-T3 
24S-T3 
24S-T3 
24S-T3 
2k-T3 

2k-T3 
2k-T3 
2k-T3 
24S-T3 

75S-T6 
75S-T6 
75S-T6 
75S-T6 
75S-T6 

73s -T6 
75S-T6 
75S-T6 
75S-T6 

24S-T3 

2 k - ~ 3  

75S-T6 

L i f e t i m e  
(cyc les )  

Electropolished 

139,400 
149,600 
73,000 

97,400 
80,300 

136,900 
93,000 

180,000 

112,800 

------- 

------- 
153,200 

------- 

361,800 
53,800 
77,100 
67,300 
68,400 
61,700 

117, loo 
61,700 

101,200 
54,700 

Me c hani ca 11 y PO 1 i 8 he d 
(3) 

122,000 
81,400 
86,500 
78,800 

253 , 300 
66,600 
65,600 
52,900 
58,600 
48,600 
88,800 
84,100 
33,800 
63,000 

'Specimens 0.088 t o  0.092 i n .  t h i ck  and 2/3 i n .  wide  at  
t es t  s e c t  ion.  

235-in. s t r i p s  cu t  i n  ha l f  t o  provide two specimens, one 
of which was electropol ished and other mechanically pol ished.  

3Neutral or  s l i g h t l y  ac id i c  medium. 
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- 

Side of specimen t o  which 
gaKe was at tached 

TABLE 17.- EFFECT OF GLIDE PLATES IN TENSION-COMPRESSION FATIGUE TESTS 

Computed values of loads 
( p s i )  

Maximum Minimum 

39 

(0.005-in. shim between guid!e p la tes )  

Front gage 10,225 
Rear gage 10,225 

(No shims between guide p l a t e s )  

Front gage 9,670 
Rear gage 10,750 

___  

-6,000 
-6,360 

-6,250 
-6,600 

Front gage 
Rear gage 

Test 2 - Sample loaded f o r  20,000-psi maximum; -12,000-psi minimum 

20,000 
20,800 

(0.005-in. shim between gui ie  p la tes )  

Front gage 
Rear gage 

I 

Front gage 
Rear gage 

19,700 
20,100 

1,400 
1,09Q 

a -9,800 
a-14, 000 

-11,000 
-12,900 

-12,000 
-12,200 

Test 5 - Sample loaded for 1000-psi maximum; -24,000-psi minimum 

I 
(No shims between guide p la tes )  

Front gage 
Rear gage 

1,070 
930 

Test 6 - Sample loaded f o r  1000-psi m a x i m ;  -36,000-psi minimum 

(No shims between guide 'plates) 
I 

Range of throw too greet  t o  be recorded with s t r a i n , g a g e s  
~~ ~ ~ 

aDifference of 2000 ps i  i n  s t r e s s  a t  f ront  and r e a r  indicated 
specimen buckled i n  compression. I n  a c t u a l  t e s t s ,  t e s t  pieces were 
run with no shims between guide p la tes .  
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Figure 4.- Krouse 10,000-pound direct  repeated-stress machine, showing specimens in 
position. Specimen on left shown without lateral supports; specimen on right shown 
with guide plates in position. 
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Figure 5.- Close-up view of rigid grips and guide plates in testing 
position. Front support removed to show details. 

Preceding page blank 



NACA ?1N 2324 47 

Aluminum guide 

(a) Front view. 

plates 

Oiled paper glued 
on each rubbing 
face of guides 

2 
I 
I 
I 
I 

7 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I3 
I 
I 
bl 

iJ  

(b) Edge view. Guide plates 
shown separated. 

Figure 6.- Sketch of tension-compression grips and guide plates. Only 
upper portion shown. 

Preceding page blank 



Figure 7.- Typical failures on fatigue test specimens. Left to right: 
SAE 4130 steel ,  75S-T6 aluminum, and 24S-T3 aluminum. Scale, 
approximately one -half. 

Preceding page blank 
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Figure 21. - Constant-lifetime curves,  amplitude against mean stress, 
for 24S-T3 aluminum alloy (see Discussion of Results). 
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Figure 22.- Constant-lifetime curves, amplitude against mean s t r e s s ,  
for  75S-T6 aluminum alloy (see Discussion of Results). 



66 NACA TN 2324 

14 0 

120 

100 

80 

60 

40 

2c 

c 

Tensile ultimate strength, 117,000 psi 

T e n h e  yield strength I 

0,Q 10,000-cycle life 
X,@ 40,000-cycle life 
A,@ 100,000-cycle life 

. 0 10,000,000-cycle life - 

Circle about point indicates 
slow-speed test result 

/ 

20 40 60 80 100 120 x 103 
Mean stress, psi 

Figure 23. - Constant-lifetime curves, amplitude against mean s t ress ,  
for normalized SAE 4130 steel (see Discussion of Results). 
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